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To determine whether modulation of systolic ventricular interac-
tion influences right ventricular performance during right heart
ischemia, the effects of septal ischemia and inotropic stimulation
were studied in 15 dogs in an open chest preparation. Right
coronary branch occlusions led to right ventricular dilation and
free wall dyskinesia, reversed septal curvature and reduced left
ventricular diastolic volume. In systole, the septum thickened but
bulged paradoxically into the right ventricle generating an active
but depressed right ventricular systolic pressure (28.9 ± 5.5 to
22.1 ± 4.5 mm Hg), with associated decreases in right ventricular
stroke work (5.66 ± 0.94 to 1.92 ± 0.53 g·m1m2) and left
ventricular systolic pressure (123 ± 11 to 80 ± 10 mm Hg).
Septal ischemia induced systolic septal thinning, left ventricu-
lar dilation and decreased left ventricular systolic pressure (80 ±
10 to 55 ± 10 mm Hg) and stroke work. Although the extent of
paradoxic septal displacement increased, there were further dec-
Recent experimental and clinical studies (1-5) have demon-
strated that, under conditions of acute severe right ventric-
ular free wall dysfunction, right ventricular performance is
dependent on left ventricular-septal contractile contributions
transmitted through systolic ventricular interaction. Depres-
sion of left ventricular-septal contraction is associated with
further depression of right ventricular performance and more
severe hemodynamic compromise both in experimental an-
imals with right ventricular ischemia (6-8) and in patients
with right ventricular infarction (9-11). However, the mech-
anisms by which these compensatory systolic interactions
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rements in right ventricular systolic pressure (22.1 ± 4.5 to 18.7
± 4.3 mm Hg) and stroke work (1.92 ± 0.53 to 0.7 ± 0.2 g·m1m2).
Dopamine infusion augmented left ventricular free wall con-
traction and increased left ventricular systolic pressure (55 ± 10 to
172 ± 17 mm Hg) and stroke work. Although systolic septal
thinning persisted, the extent of paradoxic septal displacement
increased strikingly and, despite continued right ventricular free
wall dyskinesia, right ventricular systolic pressure increased (18.7
± 4.3 to 39.6 ± 6.2 mm Hg) as did right ventricular stroke work
(0.7 ± 0.2 to 7 ± 1.6 g·m1m2).
Therefore, the magnitude of systolic interaction is an impor-
tant determinant of right ventricular performance during right
heart ischemia. Septal dysfunction diminishes this interaction,
whereas inotropic stimulation augments this compensatory mech-
anism.
(J Am Coil CardioI1992;19:704-11)
are mediated and the manner in which left ventricular-septal
ischemia alters the mechanics of these interactions have not
been fully elucidated. Inotropic stimulation improves low
cardiac output and global right ventricular performance in
patients with severe right ventricular infarction (12,13).
Although agents with positive inotropic effects may enhance
right ventricular free wall function directly, their salutary
effects on right ventricular performance may be dependent in
part on augmented systolic interaction as well.
The present study was designed to 1) delineate the
mechanisms by which left ventricular-septal contraction
contributes to right ventricular performance, 2) determine
how septal ischemia alters the mechanics of these systolic
interactions, and 3) elucidate mechanisms by which stimu-
lation of contractility improves right ventricular perfor-
mance under conditions of acute ischemic right heart dys-
function.
Methods
Experimental preparation. The experimental preparation
has been described previously (2). In brief, in 15 open chest
anesthetized dogs (15 to 25 kg) all branches of the right
coronary artery and the septal branch arising from the left
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anterior descending coronary artery were dissected individ-
ually and isolated with loose ligatures. The ligatures were
passed through separate tiny pericardial stab wounds, the
pericardium was surgically reopposed and individual sleeve
tourniquets were passed over the ligatures. Micromanometer-
tipped catheters (Millar Instruments) were placed through
peripheral vessels into the right atrium, right ventricle and
aorta, as well as into the left atrium and left ventricle
retrogradely from a pulmonary vein. The catheters were
calibrated to the mid-left ventricular cavity level and
checked before recording for zero shift. A precalibrated
electromagnetic flow probe (Howell Instruments) was placed
on the ascending aorta. Arterial blood gases, pH and hema-
tocrit were monitored hourly. Ventilation was adjusted and
bicarbonate was administered to maintain partial pressure of
oxygen arterial blood gases in the physiologic range. Core
body temperature was monitored and maintained within the
physiologic range with a heating blanket as needed.
Acquisition of data. Epicardial echocardiograms (Hewlett-
Packard Instruments) were obtained in the short-axis and
four-chamber views. Transducer orientation was adjusted to
maximize ventricular volumes and optimize visualization of
endocardial wall motion. Transducer position was main-
tained constant by placement relative to native and surgical
epicardial landmarks. Images were recorded on 0.5 in.
(1.27 cm) videotape for quantitative off-line analysis with a
calibrated microcomputer system (Hewlett-Packard). Pres-
sures, aortic flow and the electrocardiogram (ECG) were
recorded with a direct-writing strip-chart recorder (Gould
Medical Instruments) and a photographic recorder (Honey-
well Visicorder). All pressures and flows were digitized
on-line at 500 samples/s with a calibrated computer acquisi-
tion program (Microvax II, Digital Equipment).
Experimental protocol. After closure of the pericardium
and completion of instrumentation, antiarrhythmic agents
were administered (procainamide, I mg/kg body weight over
10 min, and lidocaine, 75 mg over 20 min) to prevent
ventricular tachycardia. After hemodynamic status had sta-
bilized for 15 min, baseline hemodynamic and echocardio-
graphic measurements were recorded. Right ventricular and
right atrial ischemia were then induced by sequential occlu-
sion of all right ventricular and right atrial branches and
measurements recorded over the next 10 min, or longer if
necessary, until hemodynamic status stabilized. Septal is-
chemia was then induced by occlusion of the septal branch
of the left anterior descending coronary artery and measure-
ments were recorded over a similar interval. When these
measurements were completed, or sooner if aortic systolic
pressure decreased to <65 mm Hg, an infusion of dopamine
(7.5 to 10 mg/kg per min) was initiated and titrated to
increase aortic pressure to> 100 mm Hg and measurements
were repeated. After completion of each experiment the
heart was arrested with potassium chloride. All experiments
conformed to the "Position of the American Heart Associ-
ation on Research Animal Use" and were conducted with
the approval of the Washington University Committee on
Humane Care of Laboratory Animals.
Analysis of data. Digitized hemodynamic variables were
analyzed by computer with a customized interactive wave-
form analysis program (Microvax II). The timing of wave·
forms and pressure measurements were confirmed with
reference to a simultaneous ECG and superimposed atrial
and ventricular pressure tracings. Indexes of ventricular
function included peak and mean systolic pressures, maxi·
mal positive and negative pressure changes over time (dP/dt)
and mean and end-diastolic pressures. Ventricular stroke
work was calculated ([Mean systolic pressure - Mean
diastolic pressure] x Stroke volume x 0.0136). The right to
left end-diastolic transseptal gradient was expressed as a
ratio of right ventricular to left ventricular end-diastolic
pressures. Indexes of right atrial contractile performance
included mean right atrial pressure, A wave maximal posi-
tive and negative dP/dt, peak Awave amplitude and mean A
wave pressure. Pressures were analyzed immediately before
or after placement of the echocardiographic transducer.
Echocardiographic chamber areas were calculated by
computer in the short-axis view at end-diastole and end-
systole (Hewlett-Packard data analysis package) from
frames selected for optimal endocardial visualization and
maximal or minimal chamber size and timed in relation to the
simultaneous ECG cursor. For each measurement under
each set of conditions, two separate beats were analyzed.
For each condition, the chamber diastolic areas were calcu-
lated and averaged. Differences were expressed as percent
change in area relative to a baseline value of 100%. Right
ventricular and left ventricular fractional area change were
calculated ([End-diastolic - End-systolic area]/End-
diastolic area x 100%).
Frame by frame wall motion analysis was facilitated by
the ECG timing cursor, with sequential frames analyzed with
respect to previous and subsequent frames in regard to
chamber architecture, wall thickening and wall motion. To
quantify the magnitudes of right ventricular free wall dys-
kinesia and paradoxic septal motion, right ventricular free
wall and interventricular septal systolic shortening (or
lengthening) were calculated by measuring the distance from
a relatively fixed reference point, the epicardial surface of
the left ventricular posterior wall, to the endocardial surface
of the right ventricular free wall and the right septal surface
at end-diastole and end-systole. Under each set of condi-
tions, an index of shortening/lengthening was calculated and
expressed as a fractional change (End-diastolic - End-
systolic length/End-diastolic length x 100%). Data were
expressed as mean values and standard deviations. Compar-
isons were made by analysis of variance for repeated mea-
sures with respect to changes in values within each individ-
ual dog. With use of the Scheffe F-test, a significant
difference was considered to be present at the 95% confi-
dence level. Unless otherwise indicated, all reported differ-
ences were considered significant at this level.
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Table 1. Summary of Hemodynamic and Echocardiographic Data in 15 Dogs
Baseline RA-RV Ischemia Septal Ischemia Dopamine
(n = 15) (n = 15) (n = 9) (n = 6)
Aortic systolic pressure (mm Hg) 121 ± 13 78 ± 14* 55 ± 9* 172 ± 17*
Aortic diastolic pressure (mm Hg) 84 ± 10 48 ± 8* 38 ± 6* 98 ± 13*
RV systolic pressure (mm Hg) 28.9 ± 5.5 22.1 ± 4.5* 18.7 ± 4.3* 39.6 ± 6.2*
RV end-diastolic pressure (mm Hg) 4.9 ± 1.7 8.8 ± 2.1* 10.7 ± 2.4* 9.8 ± 3
RV max +dP/dt (mm Hgls) 712 ± 223 394 ± 124* 332 ± 117 727 ± 178*
RV max -dP/dt (mm Hgls) 419 ± 167 179 ± 62* 137 ± 49* 367 ± 114*
RV stroke work (g·mlm2) 5.66 ± 0.94 1.92 ± 0.53* 0.7 ± 0.2* 7 ± 1.6*
RV diastolic area (% of baseline) 100 ± 0 135 ± 30* 181 ± 42' 159 ± 37*
RV fractional area change (%) 40 ± 9 14 ± 5* 8 ± 3 23 ± 6'
RV FW to LV PW shortening (%) 9.1 ± 5 -10.3 ± 3.2* -9.1 ± 3.1 -9.7 ± 2.8
RA mean pressure (mm Hg) 4.7 ± 2.4 9.2 ± 3.3* 10.7 ± 3.2 10.2 ± 3.8
Ratio of peak RA A wave/mean pressure 1.22 ± 0.24 1.04 ± 0.26* 1.17 ± 0.22* 1.21 ± 0.3
LV systolic pressure (mm Hg) 123 ± II 80 ± 10* 55 ± 10* 172 ± 17*
LV end-diastolic pressure (mm Hg) 7.2 ± 2.6 8.2 ± 2.9 15.2 ± 4.1* 12.4 ± 3.8*
LV max +dP/dt 1,838 ± 408 1,384 ± 360* 1,020 ± 280* 3,600 ± 520*
LV max -dP/dt 2,359 ± 568 1,543 ± 392* 917 ± 224* 2,850 ± 411*
LV stroke work (g·mlm2) 22.4 ± 5.6 11.5 ± 3.9* 4.8 ± 1.8* 35.6 ± 6.8*
LV diastolic area (% of baseline) 100 ± 0 68 ± 22* 132 ± 28* 98 ± 21*
LV fractional area change (%) 44 ± 7 25 ± 7* 14 ± 4* 31 ± 8*
IVS thickening (%) 11.2 ± 3.1 14.1 ± 3.9 -2 ± 0.7* -2.3 ± 0.9
IVS-LV posterior wall shortening (%) 6.9 ± 2.7 -19.8 ± 5.7* -26.9 ± 7.4* -36.2::t: 8.S·
IVS gradientt 0.71 ± 0.2 1.07 ± 0.29* 0.65 ± 0.18* 0.79 ± 0.23
Stroke volume (ml) 24.2 ± 4.3 15.2 ± 4.9* 9.1 ± 2.2* 21.5 ± 6.3*
*Statistically significant at 95% confidence level. tRatio right-to-Ieft end-diastolic pressures. -dP/dt and +dP/dt = negative and positive pressure changes
over time; FW =free wall; IVS =interventricular septal; LV =left ventricular; max = maximal; PW = posterior wall; RA =right atrial; RV =right ventricular.
Results
Right Atrial and Right Ventricular Ischemia
Right ventricular systolic function (Table 1). At baseline,
hemodynamic variables, right and left heart chamber archi-
tecture and wall motion were normal in all 15 dogs (Fig. 1
and 2). As in our previous studies (2), within 1 min of
occlusion of the right atrial and right ventricular branches
the right ventricular free wall became akinetic or dyskinetic
(right ventricular free wall-left ventricular posterior wall
shortening changed from 9.1 ± 5 to -10.3 ± 3.2%) and the
right ventricle dilated at end-diastole (Fig. 1and 3). The right
ventricular pressure waveform became widened and slurred
and right ventricular maximal positive dP/dt decreased, as
did peak right ventricular systolic pressure (28.9 ± 5.5 to
22.1 ± 4.5 mm Hg), right ventricular fractional area change
(40 ± 9 to 14 ± 5%) and right ventricular stroke work (5.66
± 0.94 to 1.92 ± 0.53 g·mlm2) (Fig. 2, Table 1). Left
ventricular preload decreased (100 ± 0to 68 ± 22%). Despite
the lack of a detectable change in left ventricular contractil-
ity by echocardiography, left ventricular systolic pressure
was diminished (123 ± 11 to 80 ± 10 mm Hg) as were left
ventricular stroke work (22.4 ± 5.6 to ll.5 ± 3.9 g'mlm2),
left ventricular fractional area change (44 ± 7 to 25 ± 7%),
stroke volume (24.2 ± 4.3 to 15.2 ± 4.9 ml) and aortic
pressure (Fig. 2, Table 1). These findings are consistent with
those obtained previously with similar preparations of acute
right ventricular dysfunction (1-4,14-16).
Right ventricular diastolic function (Table 1). Right coro-
nary branch occlusion influenced right ventricular diastolic
as well as systolic function, as indicated by depressed
maximal negative dP/dt (419 ± 167 to 179 ± 62 mm Hg/s),
marked right ventricular dilation and increased right ventric-
ular end-diastolic pressure (Fig. I and 2). The right ventric-
ular diastolic waveform manifested a rapid diastolic pressure
rise with equalization of ventricular filling pressures, the
right-to-Ieft transseptal gradient increased and reversed sep-
tal curvature was noted.
Right atrial function (Table 1). The right atrium became
grossly dilated and its contractile function was depressed as
indicated by elevated right atrial mean pressure and de-
pressed amplitude of the right atrial A wave. Right atrial
relaxation was impaired, as indicated by a less prominent X
descent (Fig. 2).
Septal function (Table 1). Despite right ventricular free
wall dyskinesia, an active right ventricular systolic pressure
waveform was generated by septal mediated systolic inter-
action. The interventricular septum exhibited a biphasic
paradoxic motion during systole, with differential mechani-
cal behavior of the left and right sides of the septum. In early
systole, before the appearance of marked left ventricular-
septal thickening, both sides of the septum bulged into the
right ventricle with a pistonlike motion, stretching the dys-
kinetic right ventricular free wall and displacing right ven-
tricular volume in association with generation of the early
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upstroke of right ventricular systolic pressure (Fig. 1). As
left ventricular-septal thickening and shortening progressed.
the left side of the septum moved posteriorly toward the left
ventricular free wall while the right side of the septum
continued to be displaced anteriorly throughout systole. The
overall extent of septal to left ventricular posterior wall
shortening decreased from (6.9 ± 5.7 to -19,8 ± 5.7%) (Fig.
3). Peak generation of right ventricular systolic pressure
occurred immediately before maximal left ventricular septal
thickening and peak left ventricular systolic pressure devel-
opment (Fig. 1 and 2).
Septal Ischemia
Septal function (Table 1). Within 1min of occlusion of the
septal artery, the septum ceased thickening. Severe hypo-
tension associated with fatal ventricular arrhythmias oc-
curred in six dogs; these animals were excluded from further
analysis. In the nine surviving dogs, pansystolic septal
thinning (septal thickening changed from 14.1 ± 3.9 to - 2 ±
0.7%) was associated with more extensive paradoxic 'lis-
placement into the right ventricle (septal-left ventricular
shortening was diminished from -19.8 ± 5.7 to -26.9 ±
7.4%) (Fig. 1and 3). Depressed septal contraction resulted in
left ventricular dilation, depressed left ventricular maximal
positive dP/dt and further decrements in left ventricular
systolic pressure (80 ± 10 to 55 ± 10 mm Hg), stroke work
(11.5 ± 3.9 to 4.8 ± 1.8 g·m1m2) and fractional area change
Figure 1. Serial two-dimensional echocardiographic short-axis view at
end-diastole (ED) confirms normal baseline right ventricular (RV) and
left ventricular (LV) size. At end-systole (ES), the right ventricular free
wall (FW) (dark arrows) moves toward the septum. The M-mode (MM)
baseline tracing demonstrates generation of right ventricular systolic
pressure (SP) in conjunction with posterior septal motion (white
arrow). After right atrial-right ventricular (RA-RV) ischemia, the right
ventricle dilates in diastole and the septum reverse curves (solid white
arrows) toward the volume-reduced left ventricle. In systole, the
septum thickens but moves paradoxically (open white arrows) into the
right ventricle, displacing right ventricular volume despite right ven-
tricular free wall dyskinesia (dark arrows). A biphasic pattern of
paradoxic septal motion is evident on the M-mode tracing, with
pansystolic paradoxic motion of the right side of the septum (open
arrow) generating right ventricular pressure despite right ventricular
free wall dyskinesia (small solid arrows): however. there is early
anterior paradoxic but later posterior left septal motion (large solid
arrows). Septal ischemia depresses septal contraction and global left
ventricular function, resulting in left ventricular dilation. The septum
ceases thickening and there is increased systolic septal displacement
into the right ventricle (open arrow). Pansystolic septal thinning and
more extensive paradoxic displacement (MM, open arrows) are asso-
ciated with further depression of right ventricular performance, as
indicated by increased right ventricular volumes and depressed right
ventricular pressure generation (MM). Dopamine infusion increases
left ventricular posterior wall thickening and shortening, with associ-
ated improvement in global left ventricular function and reduction in
left ventricular volumes at end-systole and end-diastole. Although
there is persistent systolic septal thinning, paradoxic septal displace-
ment increases dramatically (open arrows, ES, MM), Despite persist-
ent right ventricular free wall dyskinesia (dark arrows, ES), right
ventricular global performance improves as indicated by reductions in
right ventricular volumes and a marked increase in right ventricular
pressure (MM). VS = ventricular septal.
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Figure 3. Sequential changes in percent right ventricular free wall
(RVFW) shortening (SHORT) and interventricular septal (IVS)
thickening (THICK) and shortening. At baseline (BASE), the right
ventricular free wall shortened normally toward the interventricular
septum, while the septum both thickened and shortened toward the
left ventricular posterior wall. During right atrial-right ventricular
ischemia (RAI-RVI), the right ventricular free wall was dyskinetic,
as evidenced by its lengthening in systole. The septum continued to
thicken but lengthened in systole, bulging paradoxically into the
right ventricular cavity. After induction of septal ischemia (SEP·
TAL), the septum ceased thickening and lengthened in systole,
bulging more extensively into the right ventricle. With dopamine
(DOPA) infusion, there was persistent right ventricular free wall
dyskinesia and systolic septal thinning but markedly increased
paradoxic septal displacement as the septum lengthened in systole,
bulging into the right ventricular cavity. *indicates significant
changes of each variable with respect to each intervention.
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Stimulation of Contractility
Left ventricular performance (Table 1). Despite rapid
infusion of dopamine to correct severe hypotension, refrac-
tory terminal arrhythmias developed in three additional
dogs. In the six that survived, dopamine promptly and
markedly increased left ventricular free wall shortening and
thickening (Fig. I). Despite persistent systolic septal thin-
ning and an increased extent of septal dyskinesia (septal-left
ventricular shortening changed from - 26.9 ± 7.4 to - 36.2 ±
8.8%) (Fig. 1 and 3), global left ventricular performance
improved markedly. Dopamine induced an increase in left
ventricular maximal positive dP/dt, systolic pressure (55 ±
10 to 172 ± 17 mm Hg), stroke work (4.8 ± 1.8 to 35.6 ±
6.8 g·m/m2) and fractional area change (14 ± 4 to 31 ± 8%).
Left ventricular diastolic function improved as well, as
indicated by increased left ventricular maximal negative
dP/dt (917 ± 224 to 2,850 ± 411 mm Hg/s) and decreased left
ventricular diastolic size and end-diastolic pressure.
Right ventricular performance (Table 1). Despite persist-
ent dyskinesia of the right ventricular free wall, right ven-
tricular performance improved. In fact, right ventricular
systolic pressure exceeded control values (18.7 ± 4.3 to 39.6
± 5.2 mm Hg) (Fig. 2), with associated increases in right
ventricular maximal positive dP/dt (332 ± 117 to 727 ±
178 mm Hg/s), stroke work (0.7 ± 0.2 to 7 ± 1.6 g·m/m2) and
fractional area change (8 ± 3 to 23 ± 6%). The augmentation
of right ventricular performance occurred in association with
RA-RV ISCHEMIA SEPTAL ISCHEMIA DOPAMINE
RA2I~~~~~
"]AMM JJJ\} JU\A UU
"]J\MM MJV AAA JJlll
".:JII JVW All JlW
(25 ± 7 to 14 ± 4%). Occlusion of the septal artery
exacerbated abnormalities of left ventricular diastolic func-
tion as indicated by delayed left ventricular relaxation (left
ventricular maximal negative dP/dt from 1,543 ± 392 to 917
± 224 mm Hg/s) and elevated left ventricular end-diastolic
pressure.
Ventricular function (Table 1). Despite increased para-
doxic septal displacement, depression of septal contraction
was associated with a further decrease in peak right ventric-
ular systolic pressure (22.1 ± 4.5 to 18.7 ± 4.3 mm Hg),
stroke work (1.92 ± 0.53 to 0.7 ± 0.2 g·m/m2) and fractional
area change (14 ± 5 to 8 ± 3%). Right ventricular relaxation
was impaired (right ventricular maximal negative dP/dt 179
± 62 to 137 ± 49 mm Hg/s) which, together with increases in
right ventricular diastolic area and end-diastolic pressure,
contributed to more severe right ventricular diastolic dys-
function. Depression of right ventricular and left ventricular
performance led to further decreases in stroke volume (15.2
± 4.9 to 9.1 ± 2.2 m!) and aortic systolic pressure (78 ± 14
to 55 ± 9 mm Hg).
Figure 2. Sequential hemodynamic changes after right atrial-right
ventricular (RA-RV) ischemia demonstrate decreased upstroke and
peak of right ventricular (RV) systolic pressure, depressed right
ventricular relaxation and elevated right ventricular diastolic pres-
sure. Mean right atrial pressure increased while the Awave became
depressed. Left ventricular (LV) systolic pressure and aortic pres-
sure decreased; left ventricular diastolic pressure increased. Septal
ischemia severely depressed left ventricular systolic pressure, while
right ventricular systolic pressure and aortic pressure (AoP) de-
creased concomitantly. Dopamine infusion markedly increased left
ventricular systolic pressure, right ventricular systolic pressure
increased to greater than baseline levels and aortic pressure was
dramatically improved. All pressures are in mm Hg. ECG =
electrocardiogram.
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markedly increased paradoxic systolic septal displacement
into the right ventricle, despite persistent systolic septal
thinning (Fig. 1 and 3). Right ventricular diastolic function
also improved, as evidenced by enhanced relaxation (right
ventricular maximal negative dP/dt [137 ± 49 to 367 ±
114 mm Hg/sD with associated decreases in right ventricular
diastolic size and end-diastolic pressure and mean right atrial
pressure. Augmentation of right ventricular and left ventric-
ular performance was accompanied by improved stroke
volume (9.1 ± 2.2 to 21.5 ± 6.3 ml) and aortic systolic
pressure (55 ± 9 to 172 ± 17 mm Hg) (Fig. 2).
Discussion
The present study supports the concept that during acute
right ventricular free wall dysfunction, right ventricular
performance is dependent on left ventricular-septal contrac-
tile contributions transmitted through systolic ventricular
interaction mediated by the septum (1-5). It further defines
the mechanisms by which left ventricular-septal contraction
and septal motion support the performance of the dysfunc-
tional right ventricle. The results suggest also that the
salutary effects of inotropic stimulation on right ventricular
performance may be mediated, in part, by effects on left
ventricular-septal contraction and augmentation of systolic
ventricular interaction.
Deleterious hemodynamic effects of sequential combined
right ventricular and right atrial ischemia. These hemody-
namic effects are striking (2). In this preparation, as in others
(1-5,14-16), acute right ventricular free wall dysfunction
depresses right ventricular stroke work and diminishes
transpulmonary flow, thereby leading to reduced left ven-
tricular preload and decreased cardiac output. Associated
abnormalities in right ventricular diastolic function alter left
ventricular compliance through septal mediated diastolic
interactions. In response to the increased preload and after-
load imposed by the noncompliant right ventricle, compen-
satory augmentation of right atrial contraction improves
right ventricular filling and performance (2). Conversely,
loss of this enhanced transport function due to ischemic right
atrial dysfunction or AV dyssynchrony exacerbates hemo-
dynamic compromise (1,2,5).
Importance of left ventricular-septal contraction with acute
right heart ischemia. When right ventricular free wall dys-
function is induced abruptly, right ventricular performance
is augmented by left ventricular-septal contractile contribu-
tions transmitted through mechanical displacement of the
septum into the right ventricle associated with paradoxic
septal motion and through primary contraction of the sep-
tum. Both factors appear to be responsible for stretching the
dyskinetic right ventricular free wall, a mechanical prereq-
uisite to generation of right ventricular pressure and flow (2).
Dyssynergic segments in the left ventricle must undergo
passive systolic lengthening and thereby impose a mechan-
ical disadvantage on nonischemic zones because of regional
intraventricular interactions that diminish the contribution
of the contracting regions to overall ejection (2,17-20). The
ischemic right ventricle behaves in a similar manner, as
systolic lengthening of the dyskinetic right ventricular free
wall through systolic interventricular interactions diminishes
the effectiveness of left ventricular-septal contributions to
both right and left ventricular performance (2).
Interventions that augment ventricular filling reduce the
extent of systolic lengthening in the dyskinetic zone and the
magnitude of isovolumetric shortening in the nonischemic
zone, reducing regional dyssynergy and thereby improving
ventricular performance (18,20,21). Thus, it is not surprising
that both volume depletion and depression of right atrial
contractility further impair right ventricular performance,
not only because of the absolute reduction in right ventric-
ular preload resulting from diminished atrial transport, but
also because of the increased mechanical disadvantage im-
posed on the septum by the dyskinetic right ventricle (2).
Septal ischemia and depressed right ventricular perfor-
mance. After occlusion of the septal artery, septal thicken-
ing ceased. The resulting pansystolic septal thinning led to
abnormalities of left ventricular systolic and diastolic func-
tion and marked deterioration in both right ventricular and
left ventricular performance. The fact that septal ischemia
impaired left ventricular performance represents not only
direct loss of septal contractile power but also the deleteri-
ous effects of regional intraventricular unloading interac-
tions, as the dyskinetic septum imposes a mechanical disad-
vantage on the remaining contracting segments of the left
ventricle (17-20). Although septal ischemia resulted in more
extensive paradoxic septal displacement into the right ven-
tricle, right ventricular systolic performance deteriorated
further. These observations emphasize the importance of
primary septal contraction to right ventricular performance
and support the concept that paradoxic septal motion con-
tributes to right ventricular performance through direct
mechanical displacement, an effect predominantly depen-
dent on "global" left ventricular systolic contractile contri-
butions.
Septal ischemia exacerbated right ventricular diastolic
dysfunction as well. Right ventricular relaxation and dias-
tolic suction contribute to right ventricular filling (22-24).
Because ischemia reduces the contributions of left ventric-
ular relaxation and suction effects to left ventricular filling
(24), it is not surprising that ischemia ofthe right ventricular
free wall reduces the magnitude of the beneficial effects of
active right ventricular relaxation. In addition, our data
indicate that right ventricular relaxation and filling are
influenced by left ventricular-septal relaxation, since left
ventricular-septal ischemia further impaired right ventricular
diastolic function.
Stimulation of contractility and enhanced systolic ventric-
ular interaction. After induction of right heart and septal
ischemia, inotropic stimulation enhanced left ventricular
free wall shortening and thickening, which improved global
left ventricular performance despite persistent systolic sep-
tal thinning. The increased left ventricular free wall contrac-
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tion and left ventricular systolic pressure generated induced
a striking increase in the extent of paradoxic septal displace-
ment. In fact, the septum bulged into the right ventricle in a
pistonlike fashion, resulting in increases in right ventricular
systolic pressure and stroke work exceeding those observed
before right ventricular ischemia, despite persistent right
ventricular free wall dyskinesia. Thus, stimulation of con-
tractility enhanced right ventricular performance not di-
rectly, but by increasing global left ventricular systolic
function and thereby augmenting systolic ventricular inter-
action mediated by paradoxic septal motion. The improve-
ment in right ventricular performance in the absence of
active contraction of the septum emphasizes the important
contributions of mechanical septal displacement as a com-
pensatory mechanism, especially when septal contractility is
impaired. It is likely that such effects would be even more
striking in the presence of preserved interventricular septal
thickening.
Clinical implications. Although the preparation studied is
one with complex changes in loading conditions, systemic
neurohormonal effects and coronary flow, the importance of
septal contraction and motion and the effects of septal
ischemia and stimulation of contractility are likely to con-
tribute to the physiologic responses observed in patients
with right ventricular infarction. Even under physiologic
conditions, left ventricular-septal contraction contributes to
right ventricular performance (25,26). Our data are consis-
tent with results of clinical studies (9-11,27-29) underscor-
ing the importance of left ventricular-septal function in
patients with right ventricular infarction. The present obser-
vations suggest that patients with prior left ventricular-septal
systolic dysfunction would have a greater predilection to
severe hemodynamic compromise associated with acute
right ventricular infarction.
Our results suggest also that noninvasive indexes of left
ventricular-septal contributions to right ventricular perfor-
mance may provide information of prognostic and therapeu-
tic value. Patients with intact left ventricular-septal contrac-
tion would be expected to manifest a pattern of paradoxic
septal motion with preserved septal thickening, portending a
better prognosis. In contrast, patients with concomitant
ischemic septal dysfunction might exhibit exaggerated para-
doxic septal motion with pansystolic septal thinning, a
potential marker of high risk for adverse hemodynamic
consequences. Our findings are consistent also with data
indicating that stimulation of contractility improves right
ventricular performance in patients with right ventricular
infarction (12,13). In previous studies, these salutary effects
on right ventricular function were presumed to be mediated
by increases in right ventricular free wall contractility
(12,13). However, these studies did not attempt to differen-
tiate contributions of the right ventricular free wall from
those of septal mediated systolic interaction.
Conclusions. Under conditions of acute right ventricular
free wall dysfunction, right ventricular performance is deter-
mined by left ventricular-septal contractile contributions
transmitted through systolic ventricular interaction. These
interactions are mediated both by direct mechanical septal
displacement and by primary septal contraction. Septal
dysfunction secondary to ischemia diminishes these com-
pensatory mechanisms, thereby further depressing both
right ventricular and left ventricular performance. Stimula-
tion of contractility results in enhanced global left ventricu-
lar contraction, which augments these compensatory inter-
actions and thereby improves right ventricular performance
despite persistent dyskinesia of the right ventricular free
wall.
We express our appreciation to Linda Gallo for secretarial support.
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